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Evidence for a0(980) as tetraquark
from the triangle rescattering D+s → π+π0η decay
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Abstract
We study the D+s → pi+(a0(980)0 →)pi0η, pi0(a0(980)+ →)pi+η decays, which have been recently
measured by the BESIII collaboration. We propose that D+s → pi+(0)(a0(980)0(+) →)pi0(+)η re-
ceives the main contribution from the triangle rescattering process, where η and ρ+ in D+s → ηρ+,
by exchanging pi0(+), are formed as a0(980)
0(+) and pi+(0), respectively. Particularly, we calculate
that B(D+s → a0(980)0(+)pi+(0)) = (1.7± 0.4)× 10−2 and B(D+s → pi+(0)(a0(980)0(+) →)pi0(+)η) =
(1.5± 0.3)× 10−2, in consistent with the data. The a0(980)0(+) production is by receiving ss¯ from
η and uu¯− dd¯ (ud¯) from pi0(+), which indicates that a0(980)0(+) is a tetraquark state.
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I. INTRODUCTION
Recently, the BESIII collaboration has measured the branching fraction of the D+s decay
that involves one of the controversial scalar mesons, a0 ≡ a0(980), given by [1]
B(D+s → π+(0)(a0(+)0 →)π0(+)η) = (1.46± 0.15± 0.23)× 10−2 . (1)
Accordingly, the D+s → a+0 π0, a00π+ decays are claimed as the W -annihilation dominant
processes observed for the first time, as depicted in Fig. 1. The W -annihilation processes
can also be applied to the D+ → π(a0 →)πη decay and one estimates that
B(D+ → π+(0)(a0(+)0 →)π0(+)η) ≃
(
fD
fDs
)2( |Vcd|
|Vcs|
)2 τD
τDs
(
mDs
mD
)3
×B(D+s → π+(0)(a0(+)0 →)π0(+)η) ≃ 1.2× 10−3 , (2)
where fD(s),τD(s) , mD(s), and Vcq (q = d, s) represent the decay constant, lifetime, mass
for the D+(s) meson, and the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements, respec-
tively. Clearly, B(D+ → π+π0η) = (1.38 ± 0.35) × 10−3 [2] leaves tiny room for the W -
annihilation contributions to D+ → π+(0)(a0(+)0 →)π0(+)η. Therefore, it is reasonable to
infer that the W -annihilation topologies are unlikely to be the dominant contributions to
D+(s) → π+(0)(a0(+)0 →)π0(+)η.
The nearly equal B(D+s → π+a00, π0a+0 ) ∼ O(10−2) are much larger than the branching
fractions of other measured pureW -annihilation decays [1], such as B(D+s → π+ρ0) = (2.0±
1.2)× 10−4. Besides, B(D+s → π+(0)a0(+)0 ) is close to B(D+s → π+η) = (1.70± 0.09)× 10−2
and B(D+s → π+f0(980)) ∼ O(10−2) [2], suggesting that D+s → π+(0)(a0(+)0 →)π0(+)η is
more associated with the external W -boson emission processes. We hence find that, via
the triangle rescattering diagrams in Fig. 2, D+s → π+(0)(a0(+)0 →)π0(+)η receive the main
contribution from D+s → ηρ+. Note that the D+s → ηρ+ decay proceeds through the
external W -emission topology, leading to large B(D+s → ηρ+) = (8.9 ± 0.8)% [2]. As a
consequence, the observation of B(D+s → π+(0)(a0(+)0 →)π0(+)η) could be considered as the
evidence that a0,+0 have compact ss¯(uu¯−dd¯)/
√
2 and ss¯(ud¯) structures, respectively, known
as the tetraquark states [3–5]. The reason is that the a0 formation is by coupling η and π,
without quark annihilation to cause the OZI suppression; from the D+s → ss¯→ η transition,
the η meson is able to contain ss¯, absorbed as part of a0. In this report, we will calculate the
D+s → π+(0)(a0(+)0 →)π0(+)η decays via the triangle rescattering diagrams, in order to explain
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FIG. 1. D+(s) → a+0 pi0, a00pi+ via the W -annihilation diagrams.
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FIG. 2. The triangle rescattering diagrams for (a) D+s → pi+(a00 →)pi0η and (b) D+s pi0(a+0 →)pi+η.
the recent BESIII observation [1], as the theoretical support that a0 can be a tetraquark
state.
II. FORMALISM
The D+s → π+(a00 →)π0η, π0(a+0 →)π+η decays are proposed to go through the triangle
rescattering diagrams in Figs. 2(a) and (b), respectively, such that the decays involve D+s →
ηρ+, a0 → ηπ and ρ+ → π+π0. For the weak D+s → ηρ+ decay, the relevant effective
Hamiltonian for the c→ sud¯ transition is given by [7]
Heff = GF√
2
VcsVud[c
eff
1 (u¯d)(s¯c) + c
eff
2 (s¯d)(u¯c)] , (3)
where GF is the Fermi constant, Vij the CKM matrix elements, c
eff
1,2 the effective Wilson
coefficients, and (q¯1q2) stand for q¯1γµ(1 − γ5)q2. The amplitude of the D+s → ηρ+ decay is
factorized as [20]
A(D+s → ηρ+) =
GF√
2
VcsVuda1〈ρ+|(u¯d)|0〉〈η|(s¯c)|D+s 〉 , (4)
3
where a1 = c
eff
1 + c
eff
2 /Nc, with Nc the color number. The matrix elements in Eq. (4) are
defined as [8]
〈η|(s¯c)|D+s 〉 = (pDs + pη)µF+(t) + qµF−(t) ,
〈ρ+|(u¯d)|0〉 = mρfρǫ∗µ , (5)
with qµ = (pDs − pS0)µ and ǫ∗µ the polarization vector, where F±(t) with t ≡ q2 are the
D+s → η transition form factors, and fρ the decay constant. The F(±)(t) is represented by
the double-pole parameterization [8]
F (t) =
F (0)
1− a(t/m2Ds) + b(t2/m4Ds)
. (6)
For the strong decays a0 → ηπ and ρ+ → π+π0, the amplitudes are presented as
A(a0 → ηπ) = ga0ηpi, A(ρ+ → π+π0) = gρpipiǫ · (ppi+ − ppi0) , (7)
with the strong coupling constants ga0ηpi and gρpipi. Subsequently, we obtain the amplitude of
the D+s → π+π0η decay from the triangle rescattering diagrams in Figs. 2(a) and (b), given
by [9–13]
Aa+b ≡ A(D+s → π+(a00 →)π0η + π0(a+0 →)π+η) = Aa +Ab ,
Aa ≡ A(D+s → π+(a00 →)π0η) =
1
m212 −m2a00 + ima00Γa00
× i
∫
d4q3
(2π)4
Aˆa
(q21 −m2ρ+ + iǫ)(q22 −m2η + iǫ)(q23 −m2pi0)
F 2a (q
2
3) ,
Ab ≡ A(D+s → π0(a+0 →)π+η) =
1
m223 −m2a+0 + ima+0 Γa+0
× i
∫
d4q3
(2π)4
Aˆb
(q21 −m2ρ+ + iǫ)(q22 −m2η + iǫ)(q23 −m2pi+)
F 2b (q
2
3) , (8)
with m212 = (ppi0 + pη)
2, m223 = (ppi+ + pη)
2 for the final states of (π+, π0, η), and the
momentum flows (q1, q2, q3) for (ρ
+, η, π0(+)) in the triangle loop. In Eq. (8), Aˆa(b) and
Fa(b)(q
2
3) are defined as
Aˆa(b) = A(D+s → ηρ+)A(ηπ0(+) → a0(+)0 )Aa(b)(ρ+ → π+(0)π0(+))A(a0(+)0 → ηπ0(+)) ,
Fa(b)(q
2
3) = (m
2
pi0(+) − Λ2)(q23 − Λ2) , (9)
where Fa(b)(q
2
3) is to remove the ultraviolet divergence with Λ denoting the cutoff energy.
To integrate over the phase space in the three-body decay, we refer the general equation of
4
the decay width in the PDG [2]
Γ =
∫
m212
∫
m223
1
(2π)3
|A|2
32m3Ds
dm212dm
2
23 . (10)
III. NUMERICAL RESULTS AND DISCUSSIONS
In the numerical analysis, we use Vcs = Vud = 1 − λ2/2 with λ = 0.22453 ± 0.00044
in the Wolfenstein parameterization and the decay constant fρ = (210.6 ± 0.4) MeV [2],
together with (ga0ηpi, gρpipi) = (2.5, 6.0) GeV extracted from B(a0 → ηπ) = 84.5% and
B(ρ+ → π+π0) ≃ 100%, respectively [2, 18]. For the D+s → η transition form factors in
Eq. (6), we adopt the values of (F+(0), a, b) = (0.78, 0.69, 0.002) from Ref. [8], whereas
F−(t) vanishes due to ǫ · q = 0 in A(D+s → ηρ+). By relating the calculated branching
fraction of D+s → ηρ+ to the measured values of (8.9 ± 0.8)% [2], the a1 = 1.02 ± 0.05
with Nc ≃ 2 is determined, where a1 of O(1.0) demonstrates the validity of the generalized
factorization [20]. Consequently, we obtain the branching fractions for D+s → a+(0)0 π0(+) and
π+(0)(a
0(+)
0 →)π0(+)η decays,
B(D+s → a0(+)0 π+(0)) = (1.7± 0.4)× 10−2 ,
B(D+s → π+(0)(a0(+)0 →)π0(+)η) = (1.5± 0.3)× 10−2 , (11)
together with the partial distributions, given in Fig. 3. To calculate the branching fractions,
the cutoff energy has been fixed as Λ = (1.6 ± 0.2) GeV, with the uncertainty to estimate
its sensitivity, and the order of (1-2) GeV is commonly used [9, 14–17]. For our results, the
uncertainties consider the contributions from Λ, a1, fρ, and the CKM matrix elements.
Our results of the branching fractions, Eq. (11), agree with the data, Eq. (1). Besides, we
predict B(D+s → a00π+) = B(D+s → a+0 π0), which agrees with the observation that these two-
body decays have equal sizes. In contrast, with the annihilation diagrams, one should have
the inconsistent B(D+s → π+a00) > B(D+s → π0a+0 ) ≃ 0. While π0 = (uu¯−dd¯)/
√
2 is formed
from uu¯ and dd¯ in Figs. 1(a) and (b), respectively, the amplitudes of D+s → π0a+0 should
cancel each other. Due to the same cancellation, one predicts B(D+s → π+π0) = 0, agreeing
with the experimental upper bound of 3.5× 10−4 [2, 6]. Another mechanism is given by the
KK → a0 → πη rescattering, with KK pair from the D+s → KKπ decays [22], whereas the
largest contributions from the external W -emission diagrams have been removed; besides,
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FIG. 3. The partial distributions as the functions of (a) mpi0η and (b) mpi+η. The dashed lines are
specifically for those of mpi+pi0 > 1.0 GeV.
ga0→KK ≃ 0.4ga0→piη leads to another suppression. To match B(D+s → π+(0)(a0(+)0 →)π0(+)η)
with the observation, one might cause the overestimations of B(D+s → KKπ).
In the partial distributions in Ref. [1], the contributions from D+s → π+(a00 →)π0η and
D+s → π0(a+0 →)π+η are concluded to be highly correlated with a relative phase of 180◦. In
Eqs. (7, 8, 9), the strong decays of ρ+(q4)→ π0(q3)π+(q4−q3) and ρ+(q4)→ π+(q3)π0(q4−q3)
for Aa,b, respectively, cause Aa(ρ+ → π+π0) = −Ab(ρ+ → π0π+), where the minus sign
clearly gives the theoretical explanation to the phase of 180◦ in the data. In addition, the
π0η and π+η invariant mass spectra, shown in Fig. 3 with the ones for mpi+pi0 > 1.0 GeV,
have the line shapes consistent with those in Ref. [1].
In the triangle rescattering diagrams, η and π0(+) are coupled, and formed as the a
0(+)
0
scalar meson. Hence, the observation of D+s → π+(0)(a0(+)0 →)π0(+)η can be regarded to
indicate that a00 and a
+
0 are the tetraquark states, which consist of ss¯(uu¯ − dd¯)/
√
2 and
ss¯(ud¯), respectively.
IV. CONCLUSIONS
In summary, we have studied the three-body D+s → π+(a00 →)π0η and D+s → π0(a+0 →
)π+η decays. We have proposed that D+s → π+(0)(a0(+)0 →)π0(+)η mainly proceeds through
the triangle loops, where η and ρ+ in D+s → ηρ+ are formed as a0 and π0(+), respectively, by
exchanging π+(0). Particularly, we have presented that B(D+s → a0(+)0 π+(0)) = (1.7± 0.4)×
6
10−2 and B(D+s → π+(0)(a0(+)0 →)π0(+)η) = (1.5± 0.3)× 10−2, in good agreement with the
data. With the triangle rescattering diagrams that contribute to D+s → π(a0 →)πη, the a0
formation is by taking ss¯ from η and qq¯ from π, which suggests that a0 has a compact ss¯qq¯
structure, known as the tetraquark state.
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